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OUTDOOR RETAIL SPACE STRUCTURE extend in front of the containers and behind the containers . 
The structure can be coupled and decoupled from the 

CROSS REFERENCE TO RELATED containers without disassembly of a number of the frame 
APPLICATIONS portions included in the structure . Thus , when the garment 

center is relocated between different locations , the structure 
The application claims the benefit of U.S. patent appli may be quickly assembled onto the containers and quickly 

cation 62 / 715,788 , filed Aug. 7 , 2018. This application is disassembled for transport . The structure shades the con 
incorporated by reference along with all other references tainers and a deck that is located between the containers . The 
cited in this application . structure can also shade one or more areas near the contain 

10 ers to create an inviting atmosphere for the garment center . 
BACKGROUND OF THE INVENTION The mobile finishing center includes a laser to finish 

garments to have a faded , distressed , washed , or worn finish 
The present invention relates to apparel manufacturing or desired appearance . The mobile finishing center is self 

and , more specifically , to manufacturing using a mobile contained and can be driven to a location where consumers 
finishing center finishing center for finishing garments to 15 can select , view a preview of apparel products , order apparel 
have a faded , distressed , washed , or worn finish or desired products , and then the products will be manufactured on site . 
appearance . The mobile finishing center can be driven to a A system of the mobile finishing center includes a tool 
location such as sporting events ( e.g. , Super Bowl ) , concerts that allows a customer to preview or create new designs for 
( e.g. , Coachella ) , or other special event , at which garments apparel before purchase and before laser finishing . Software 
can be processed on site . 20 and lasers are used in finishing apparel to produce a desired 

In 1853 , during the California Gold Rush , Levi Strauss , a wear pattern or other design . Based on a laser input file with 
24 - year - old German immigrant , left New York for San a pattern , a laser will burn or ablate the pattern onto apparel . 
Francisco with a small supply of dry goods with the inten With the tool , the customer will be able to preview , create , 
tion of opening a branch of his brother's New York dry make changes , and view images of a design , in real time , 
goods business . Shortly after arriving in San Francisco , Mr. 25 before purchase and burning or ablation by a laser . Input to 
Strauss realized that the miners and prospectors ( called the the tool can include fabric template images , laser input files , 
“ forty niners ” ) needed pants strong enough to last through and damage input . In an implementation , the customer or 
the hard work conditions they endured . So , Mr. Strauss another user can also move , rotate , scale , and warp the 
developed the now familiar jeans which he sold to the image input . 
miners . The company he founded , Levi Strauss & Co. , still 30 In a specific implementation , a system includes first 
sells jeans and is the most widely known jeans brand in the space . The first space includes dimensions in a first direc 
world . Levi's is a trademark of Levi Strauss & Co. or tion , a second direction , and a third direction . A first length 
LS & Co . of the first space is in the first direction . A first width of the 

Though jeans at the time of the Gold Rush were used as first space is in the second direction . A first height of the first 
work clothes , jeans have evolved to be fashionably worn 35 space is in the third direction , the first , second , and third 
everyday by men and women , showing up on billboards , directions are transverse directions . The first length and the 
television commercials , and fashion runways . Fashion is one first width are a length and a width of a top of a first 
of the largest consumer industries in the U.S. and around the intermodal shipping container . The first height is a height of 
world . Jeans and related apparel are a significant segment of the first intermodal shipping container . The first height , the 
the industry . 40 first width , and the first height are compliant with universal 
As fashion , people are concerned with the appearance of shipping container dimensions and configurations dictated 

their jeans . Many people desire a faded or worn blue jeans by the International Organization for Standardization ( ISO ) . 
look . In the past , jeans became faded or distressed through The system includes a second space . The second space 
normal wash and wear . The apparel industry recognized includes dimensions in a fourth direction , a fifth direction , 
people's desire for the worn blue jeans look and began 45 and a sixth direction . A second length of the second space is 
producing jeans and apparel with a variety of wear patterns . in the fourth direction . A second width of the second space 
The wear patterns have become part of the jeans style and is in the fifth direction . A second height of the second space 
fashion . Some examples of wear patterns include combs or is in the sixth direction , the fourth , fifth , and sixth directions 
honeycombs , whiskers , stacks , crackle , and train tracks . are transverse directions . The second length and the second 

Despite the widespread success jeans have enjoyed , the 50 width are a length and a width of a top of a second 
process to produce modern jeans with wear patterns takes intermodal shipping container . The second height is a height 
processing time , has relatively high processing cost , and is of the second intermodal shipping container . The second 
resource intensive . A typical process to produce jeans uses length , the second width , and the second height are com 
significant amounts of water , chemicals ( e.g. , bleaching or pliant with universal shipping container dimensions and 
oxidizing agents ) , ozone , enzymes , and pumice stone . For 55 configurations dictated by the International Organization for 
example , it may take about 20 to 60 liters of water to finish Standardization ( ISO ) . 
each pair of jeans . The system includes a first joist , above the first space . The 

Therefore , there is a need for a technique for finishing first joist extends at least the first length in the first direction 
garments that also reduces environmental impact , process along a first edge of the first space , overlapping the first 
ing time , and processing costs , while maintaining the look 60 space , and extends a first extended length beyond a front 
and style of traditional finishing techniques . edge of the first space . The system includes a second joist , 

above the first space . The second joist extends at least the 
BRIEF SUMMARY OF THE INVENTION first length in the first direction along a second edge of the 

first space , overlapping the first space , and extends a second 
A mobile finishing garment center includes an exterior 65 extended length beyond a front edge of the first space . The 

retail space structure that is located above and between system includes a third joist , coupled between the first and 
shipping containers of the center . The structure may also second joists , along the front edge of the first space . The 
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system includes a fourth joist , coupled between the first and FIG . 3 shows a weave pattern of a denim fabric . 
second joists , along a back edge of the first space . The FIG . 4 shows a laser beam striking a ring - dyed yarn 
system includes a fifth joist , above the first space and above having indigo - dyed fibers and white core fibers . 
the second joist . The fifth joist extends at least the first length FIG . 5 shows the laser using a first power level setting or 
in the first direction along the second edge of the first space , 5 first exposure time setting , or a combination of these , to 
overlapping the second joist , and extends a third extended remove some of the dyed fibers , but not revealing any of the 
length beyond a front edge of the first space . white core fibers . 

The system includes a sixth joist , above the second space . FIG . 6 shows the laser using a second power level setting 
The sixth joist extends at least the second length in the fourth or second exposure time setting , or a combination of these , 
direction along a first edge of the second space , overlapping 10 to remove more of the dyed fibers than in FIG . 5 . 
the second space , and extends a fourth extended length FIG . 7 shows the laser using a third power level setting or 
beyond a front edge of the second space . The system third exposure time setting , or a combination of these , to 
includes a seventh joist , above the second space . The sev remove even more of the dyed fibers than in FIG . 6 . 
enth joist extends at least the second length in the fourth FIG . 8 shows a technique where finishing is divided into 
direction along a second edge of the second space , overlap- 15 two finishing steps , finishing I and finishing II . 
ping the second space , and extends an fifth extended length FIG . 9 shows multiple base templates , base A , base B , and 
beyond a front edge of the second space . The system base C. 
includes an eighth joist , coupled between the sixth and FIG . 10 is a simplified block diagram of a distributed 
seventh joists , along the front edge of the second space ; The computer network incorporating an embodiment of the 
system includes a ninth joist , coupled between the sixth and 20 present invention . 
seventh joists , along a back edge of the second space . The FIG . 11 shows an exemplary client or server system of the 
system includes a tenth joist , above the second space and present invention . 
above the seventh joist . The tenth joist extends least the FIG . 12 shows a system block diagram of the computer 
second length in the first direction along the first edge of the system shown in FIG . 11 that is used to execute the software 
second space , overlapping the seventh joist , and extends in 25 of the present invention . 
a sixth extended length beyond a front edge of the second FIGS . 13-14 show examples of mobile devices , which can 
space . be mobile clients . 
The system includes a first plurality of studs coupled to FIG . 15 shows a system block diagram of a mobile device . 

the first and second joists in a region beyond the front edge FIG . 16 shows a block diagram of a system for creating , 
of the first space . The first plurality of studs extends in the 30 designing , producing apparel products with laser finishing . 
third direction . The system includes a second plurality of FIG . 17 shows a block diagram of a specific implemen 
studs coupled to the sixth and seventh joists in a region tation of a digital design tool and a preview tool . 
beyond the front edge of the second space . The second FIG . 18 shows a block diagram of a digital brief tool that 
plurality of studs extends in the sixth direction . The system provides a real - time preview of an appearance of pair of 
includes a third plurality of studs coupled between the 35 jeans when a finishing pattern is applied by burning or 
second and fight joists , and a fourth plurality of stud coupled ablating using a laser input file . 
between the seventh and tenth joists . FIG . 19 shows a technique of generating a preview of a 

The mobile finishing center allows customers to see , finished image using a digital brief tool . 
select , customize , and order apparel products . The laser will FIG . 20 shows a laser pattern mask that is created from a 
laser finish an ordered garment ( e.g. , jeans ) to have a faded , 40 laser input file . 
distressed , washed , damaged , or worn finish or other desired FIG . 21 shows an HLS adjustment layer that is created 
appearances . The garment may be washed and dried and from the base image . 
available for the customer in a relatively short time . For FIG . 22 shows a technique of creating a masked solid 
example , an order made at the beginning of a football game color adjustment layer . 
can be ready for pick up during half time or at the end of the 45 FIGS . 23-24 shows examples of two different adjustments 
game . In a specific implementation , an order is ready for or settings for a bright point operation . 
pick up about an hour after the order is made . FIG . 25 shows adjustment of intensity . 

The containers of the finishing center are mobile and can FIG . 26 shows an array of images showing the effects of 
be driven by truck or shipped by rail or ship to any desired adjustments in bright point and intensity . 
location for any desired event . After arriving at a location , 50 FIG . 27 shows a block diagram of a technique of gener 
the containers are set up and connected to an electricity ating a preview of a laser - finishing pattern on a garment , 
source ( e.g. , power line , electric generator , batteries , or solar such as jeans . 
panels ) . Then the finishing center can accept customers ' FIGS . 28-29 show screens that includes user selectable 
orders and will manufacture finished garments , which will options for selecting garments for women or men . 
be ready in a short time period . FIG . 30 shows a screen where the user can add a pattern 

Other objects , features , and advantages of the present or artwork , such as a logo , to add to a garment . 
invention will become apparent upon consideration of the FIG . 31 shows a screen showing additional patterns or 
following detailed description and the accompanying draw artwork , in addition to , for example , logos , the user can 
ings , in which like reference designations represent like select from . 
features throughout the figures . FIG . 32 shows a screen showing a back of a trucker 

jacket 
BRIEF DESCRIPTION OF THE DRAWINGS FIG . 33 shows a screen showing a back of a trucker 

jacket , where overdye is selected and a slider bar for the 
FIG . 1 shows a process flow for manufacturing apparel intensity the shade has been adjusted to 0.45 . 

such as jeans , where garments are finished using a laser . FIG . 34 shows a screen showing a back of a trucker 
FIG . 2 shows a finishing technique that includes the use jacket , where overdye is selected and the slider bar for the 

of a laser . intensity the shade has been adjusted to 0.90 . 

55 

60 

65 
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FIG . 35 shows a screen showing back of a trucker jacket , FIG . 62 shows a planar top view of the mobile finishing 
where an option for overdye is turned off and post - wash center . 
bleach is turned on . FIG . 63 is a side view of the mobile finishing center . 

FIG . 36 shows a screen showing back of a trucker jacket , FIGS . 64-67 show a number of planar views of the mobile 
where an option for post - wash bleach is turned on and the 5 finishing center . 
intensity the shade has been adjusted to 0.08 . FIG . 68 shows a planer view of the front of the mobile 
FIG . 37 shows a screen showing back of a trucker jacket , finishing center . 

where an option for post - wash bleach is turned on and the FIG . 69 shows a view of the front of the mobile finishing 
intensity the shade has been adjusted to 0.15 . center from the left side of the center . 
FIG . 38 shows a screen showing back of a pair of jeans FIG . 70 shows a view of the front of the mobile finishing 

where patterns hwm 073 back TR , hwm 073 back TL , hwm center from the right side of the center . 
073 back BR , and hwm 073 back BL have been applied . FIG . 71 shows a side view of the front of the mobile 
FIG . 39 shows a screen showing back of a trucker jacket , finishing center from the left side of the center . 

where a pattern LEVI_S LOGO 013 has been applied . FIGS . 72-73 show a side view of the back of the mobile 
FIG . 40 shows a screen showing back of a trucker jacket , finishing center from the left side of the center . 

where a pattern LEVI_S LOGO 012 has been applied . FIG . 74 shows close up views of the benches that are 
FIG . 41 shows a screen showing back of a trucker jacket , located in front of one of the container . 

where a pattern LEVI_S LOGO 005 has been applied . FIG . 75 shows close up views of the benches that are 
FIG . 42 shows a screen showing back of a trucker jacket , 20 located in front of one of the containers . 

where a pattern Women's Trucker GEM_LAND_C has been FIG . 76 shows a view of the deck and an upward - facing 
applied . view of the white cargo netting shades positioned over the 
FIG . 43 shows a screen showing back of a trucker jacket , deck . 

where a pattern Women's Trucker ALLOVER_00143 has FIG . 77 shows a view of the deck and an upward - facing 
been applied . 25 view of the beams that are connected to and extend between 

FIG . 44 shows a screen showing back of a trucker jacket , the top sides of the containers and the frames on top of the 
where a pattern Women's Trucker ALLOVER_00143 has containers . 
been applied . FIGS . 78-79 shows views of the back wall that is posi FIGS . 45-46 show a computer system 1301 or 1401 ( e.g. , tioned between the containers . a smartphone or tablet computer ) operating the preview tool 30 FIGS . 80-83 show exterior and interior views of the 1703 , the digital brief tool 1803 , or the consumer digital garment showroom that is inside one of the containers . brief tool , or any combination of these tools . FIG . 84 shows an exterior view of the dry process room FIG . 47 shows a dropdown menu in a dropdown state 1805 of one of the containers . when the user - selectable option is selected for the finishing 
patterns . FIG . 85 shows an overall flow for creating a three 
FIG . 48 shows the dropdown menu with the finishing dimensional preview for an apparel product , such as a pair 

pattern selected and shows the leopard print pattern on the of jeans . 
previewed jeans . FIGS . 86A - 86F show photographs of cutting a garment 
FIG . 49 shows a dropdown menu in a dropdown state into pieces . 

when the user - selectable option is selected for the lived in 40 FIG . 87 shows a system for taking photographs of the 
option . garment pieces . 
FIG . 50 shows the dropdown menu for the lived in option FIGS . 88A - 88K show photographs of cut garment pieces 

with the damaged appearance selected . and corresponding extracted neutral digital pattern pieces . 
FIG . 51 shows a dropdown menu in a dropdown state FIGS . 89A - 89C show extracted shadow neutral pattern 

when the user - selectable option is selected for a tint color 45 pieces . 
option selected . FIG . 89D shows a shadow neutral texture created using 

FIG . 52 shows the preview of the base garment jeans with the extracted shadow neutral pattern pieces and a color layer . 
the black tint color selected . FIG . 90A shows a created shadow neutral texture . 
FIG . 53 shows the preview of the base garment jeans with FIG . 90B shows a front view of a three - dimensional 

no tint color selected . 50 model , which the shadow neutral texture will be applied or 
FIGS . 54-55 show the preview tool with a base garment mapped to . 

jeans having a number of options selected , such as the FIG . 90C shows a result of mapping the shadow neutral 
bandana finishing pattern and a black tint . texture to the three - dimensional model . 
FIG . 56 shows the computer system with an order tool FIG . 90D shows a back or rear view of the three 

interface of the preview tool displayed on the display of the 55 dimensional model , which the shadow neutral texture will 
computer system , in an implementation . be applied or mapped to . 

FIG . 57 shows a block diagram of a technique of gener FIG . 90E shows a result of mapping the shadow neutral 
ating a preview of a laser - finishing pattern on a garment , texture to the three - dimensional model . 
such as jeans . FIG . 91A shows an example of a simulated light source 
FIG . 58 shows a front left aerial view of the mobile 60 positioned to a right of and above the garment . 

finishing center . FIG . 91B shows an example of a simulated light source 
FIG . 59 shows a front right aerial view of the mobile positioned directly above the garment . 

finishing center . FIG . 91C shows an example of a simulated light source 
FIG . 60 shows a back left aerial view of the mobile positioned to a left of and above the garment . 

finishing center . FIGS . 92A - 92E show how a single three - dimensional 
FIG . 61 shows a back right aerial view of the mobile model can be used with multiple shadow neutral texture to 

finishing center . generate a multiple preview images . 
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DETAILED DESCRIPTION OF THE Design 127 ( design II ) is for post - assembly aspects of a 
INVENTION garment while design 115 is for preassembly aspects of a 

garment . After finishing 124 , a finished product 130 ( e.g. , a 
FIG . 1 shows a process flow 101 for manufacturing pair of jeans ) is complete and ready for sale . The finished 

apparel such as jeans , where garments are finished using a 5 product can be inventoried and distributed 133 , delivered to 
laser . The fabric or material for various apparel including stores 136 , and sold to consumers or customers 139. The 
jeans is made from natural or synthetic fibers 106 , or a finished product can alternatively be sold to a customer at a 
combination of these . A fabric mill takes fibers and pro mobile finishing center where the customer orders the jeans 
cesses 109 these fibers to produce a laser - sensitive finished and selects a laser finishing pattern for application for the 
fabric 112 , which has enhanced response characteristics for 10 jeans at the mobile finishing center and delivery at the 
laser finishing center . Laser finishing facilitates the consumer buying and 

wearing worn blue jeans without having to wear the jeans Some examples of natural fibers include cotton , flax , themselves to achieve the worn blue jeans appearance . hemp , sisal , jute , kenaf , and coconut ; fibers from animal Achieving a worn blue jeans appearance through wear sources include silk , wool , cashmere , and mohair . Some 15 usually takes significant time and effort . 
examples of synthetic fibers include polyester , nylon , span Traditionally , to produce distressed denim products , fin 
dex or elastane , and other polymers . Some examples of ishing techniques include dry abrasion , wet processing , 
semisynthetic fibers include rayon , viscose , modal , and oxidation , or other techniques , or combinations of these , to 
lyocell , which are made from a regenerated cellulose fiber . accelerate wear of the material in order to produce a desired 
A fabric can be a natural fiber alone ( e.g. , cotton ) , a synthetic 20 wear pattern . Dry abrasion can include sandblasting or using 
fiber alone ( e.g. , polyester alone ) , a blend of natural and sandpaper . For example , some portions or localized areas of 
synthetic fibers ( e.g. , cotton and polyester blend , or cotton the fabric are sanded to abrade the fabric surface . Wet 
and spandex ) , or a blend of natural and semisynthetic fibers , processing can include washing in water , washing with 
or any combination of these or other fibers . oxidizers ( e.g. , bleach , peroxide , ozone , or potassium per 

For jeans , the fabric is typically a denim , which is a sturdy 25 manganate ) , spraying with oxidizers , washing with abra 
cotton warp - faced textile in which a weft passes under two sives ( e.g. , pumice , stone , or grit ) , and the like . 
or more warp threads . This twill weaving produces a diago These traditional finishing approaches take time , incur 
nal ribbing . The yarns ( e.g. , warp yarns ) are dyed using an expense , and impact the environment by utilizing resources 
indigo or blue dye , which is characteristic of blue jeans . and producing waste . It is desirable to reduce water and 

Although this patent describes the apparel processing and 30 chemical usage , which can include eliminating the use 
finishing with respect to jeans , the invention is not limited agents such as potassium permanganate and pumice . An 
jeans or denim products , such as shirts , shorts , jackets , vests , alternative to these traditional finishing approaches is laser 
and skirts . The techniques and approaches described are finishing 
applicable to other apparel and products , including non FIG . 2 shows a finishing technique that includes the use 
denim products and products made from knit materials . 35 of a laser 207. A laser is a device that emits light through a 
Some examples include T - shirts , sweaters , coats , sweatshirts process of light amplification based on the stimulated emis 
( e.g. , hoodies ) , casual wear , athletic wear , outerwear , sion of electromagnetic radiation from lasing elements ( e.g. , 
dresses , eveningwear , sleepwear , loungewear , underwear , gas molecules , atoms in a crystal lattice , or organic mol 
socks , bags , backpacks , uniforms , umbrellas , swimwear , bed ecules ) . Lasers are used for bar code scanning , medical 
sheets , scarves , and many others . 40 procedures such as corrective eye surgery , and industrial 
A manufacturer creates a design 115 ( design I ) of its applications such as cutting and welding . A particular type 

product . The design can be for a particular type of clothing of laser for finishing apparel is a carbon dioxide laser , which 
or garment ( e.g. , men's or women's jean , or jacket ) , sizing emits a beam of infrared radiation . 
of the garment ( e.g. , small , medium , or large , or waist size The laser is controlled by an input file 210 and control 
and inseam length ) , or other design feature . The design can 45 software 213 to emit a laser beam onto fabric at a particular 
be specified by a pattern or cut used to form pieces of the position or location at a specific power level for a specific 
pattern . A fabric is selected and patterned and cut 118 based amount of time . Further , the power of the laser beam can be 
on the design . The pattern pieces are assembled together 121 varied according to a waveform such as a pulse wave with 
into the garment , typically by sewing , but can be joined a particular frequency , period , pulse width , or other charac 
together using other techniques ( e.g. , rivets , buttons , zipper , 50 teristics . Some aspects of the laser that can be controlled 
hoop and loop , adhesives , or other techniques and structures include the duty cycle , frequency , marking or burning speed , 
to join fabrics and materials together ) . ablation speed , and other parameters . 
Some garments can be complete after assembly and ready The duty cycle is a percentage of laser emission time . 

for sale . However , other garments are unfinished 122 and Some examples of duty cycle percentages include 40 , 45 , 50 , 
receive additional finishing 124. The additional finishing 55 55 , 60 , 80 , and 100 percent . The frequency is the laser pulse 
may include laser finishing , tinting , washing , softening , and frequency . A low frequency might be , for example , 5 kilo 
fixing . For distressed denim products , the laser finishing can hertz , while a high frequency might be , for example , 25 
include using a laser to produce a wear pattern according to kilohertz . Generally , lower frequencies will have higher 
a design 127 ( design II ) . Some additional details of laser surface penetration than high frequencies , which has less 
finishing are described in U.S. patent application 62/377 , 60 surface penetration . 
447 , filed Aug. 19 , 2016 , and Ser . No. 15 / 682,507 , filed Aug. The laser acts like a printer and “ prints , ” “ marks , ” 
21 , 2017 , issued as U.S. Pat . No. 10,051,905 on Aug. 21 , “ burns , ” or “ ablates ” a wear pattern ( specified by input file 
2018 , are incorporated by reference along with all other 210 ) onto the garment . The fabric that is exposed to the laser 
references cited in this application . U.S. patent applications beam ( e.g. , infrared beam ) changes color , lightening the 
62 / 636,108 , filed Feb. 27 , 2018 , and 62 / 715,788 , filed Aug. 65 fabric at a specified position by a certain amount based on 
7 , 2018 , describe some specific implementations of a brief the laser power , time of exposure , waveform used , or any 
builder application and are incorporated by reference . combination of these laser features . The laser light emitted 
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by a laser is directed from position to position until the wear In denim , the warp is typically 100 percent cotton . But 
pattern is completely printed on the garment . some warp yarns can be a blend with , for example , elastane 

In a specific implementation , the laser beam has a reso to allow for warp stretch . And some yarns for other fabrics 
lution of about 34 dots per inch ( dpi ) , which on the garment may contain other fibers , such as polyester or elastane as 
is about 0.7 millimeters per pixel . The technique described 5 examples . 
in this patent is not dependent on the laser beam's resolution , In an indigo ring - dyed yarn , the indigo does not fully 
and will work with lasers have more or less resolution than penetrate to a core of the yarn . Rather , the indigo dye is 
34 dots per inch . For example , the laser beam can have a applied at a surface of the cotton yarn and diffuses toward 
resolution of 10 , 15 , 20 , 25 , 30 , 40 , 50 , 60 , 72 , 80 , 96 , 100 , the interior of the yarn . So , when the yarn is viewed 
120 , 150 , 200 , 300 , or 600 dots per inch , or more or less than 10 cross - sectionally , the indigo dyed material will appear as a 
any of these or other values . Typically , the greater the ring on around an outer edge of the yarn . The shading of the 
resolution , the finer the features that can be printed on the indigo dye will generally lighten in a gradient as a distance 
garment in a single pass . By using multiple passes ( e.g. , 2 , increases from the surface of the yarn to the center ( or core ) 
3,4,5 , or more passes ) with the laser , the effective resolution 
of the laser beam can be increased . In an implementation , 15 During laser finishing , the laser removes a selected 
multiple laser passes are used . amount of the surface of the indigo dyed yarn ( e.g. , blue 

In an implementation , jeans are dyed using an indigo dye , color ) to reveal a lighter color ( e.g. , white color ) of the inner 
which results in a blue colored fabric . The blue color is core of the ring - dyed yarn . The more of the indigo dyed 
caused by chromophores trapped in the fabric which reflect material that is removed , the lighter the color ( e.g. , lighter 
light as blue color . U.S. patent application 62 / 433,739 , 20 shade of blue ) . The more of the indigo dyed material that 
filed Dec. 13 , 2016 , which is incorporated by reference , remains , the darker the color ( e.g. , deeper shade of blue ) . 
describes a denim material with enhanced response charac The laser can be controlled precisely to remove a desired 
teristics to laser finishing . Using a denim material made amount of material to achieve a desired shade of blue in a 
from indigo ring - dyed yarn , variations in highs and lows in desired place or position on the material . 
indigo color shading is achieved by using a laser . With laser finishing , a finish can be applied ( e.g. , printed , 

Laser finishing can be used on denim and other materials burned , or ablated via the laser ) onto apparel ( e.g. , jeans and 
too . Laser finishing can be used to alter the coloration of any denim garments ) that will appear similar to or indistinguish 
material where the sublimation ( or decomposition in some able from a finish obtained using traditional processing 
cases ) temperature of the dye or the material itself is within techniques ( e.g. , dry abrasion , wet processing , and oxida 
range of the operating temperatures of the laser during use . 30 tion ) . Laser finishing of apparel is less costly and is faster 
Color change is a product of either the removal of dyestuff than traditional finishing techniques and also has reduced 
or the removal of material uncovering material of another environmental impact ( e.g. , eliminating the use of harsh 
color . chemical agents and reducing waste ) . 
FIG . 3 shows a weave pattern of a denim fabric 326. A FIGS . 4-7 show how the laser alters the color of ring - dyed 

loom does the weaving . In weaving , warp is the lengthwise 35 yarn . FIG . 4 shows a laser beam 407 striking a ring - dyed 
or longitudinal yarn or thread in a roll , while weft or woof yarn 413 having indigo - dyed fibers 418 and white core fibers 
is the transverse thread . The weft yarn is drawn through the 422. The laser removes the dyed fibers , which can be by 
warp yarns to create the fabric . In FIG . 3 , the warps extend vaporizing or otherwise destroying the cotton fiber via heat 
in a first direction 335 ( e.g. , north and south ) while the wefts or high temperature that the laser beam causes . 
extend in a direction 337 ( e.g. , east and west ) . The wefts are 40 FIG . 5 shows the laser using a first power level setting or 
shown as a continuous yarn that zigzags across the wefts first exposure time setting , or a combination of these , to 
( e.g. , carried across by a shuttle or a rapier of the loom ) . remove some of the dyed fibers , but not revealing any of the 
Alternatively , the wefts could be separate yarns . In some white core fibers . The undyed fibers remain covered . There 
specific implementations , the warp yarn has a different is no color change . 
weight or thickness than the weft yarns . For example , warp 45 FIG . 6 shows the laser using a second power level setting 
yarns can be coarser than the weft yarns . or second exposure time setting , or a combination of these , 

For denim , dyed yarn is used for the warp , and undyed or to remove more of the dyed fibers than in FIG . 5. The second 
white yarn is typically used for the weft yarn . In some denim power level is greater than the first power level , or the 
fabrics , the weft yarn can be dyed and have a color other second exposure time setting is greater than the first expo 
than white , such as red . In the denim weave , the weft passes 50 sure time setting , or a combination of these . The result is 
under two or more warp threads . FIG . 3 shows a weave with some of the undyed fibers are revealed . There is a color 
the weft passing under two warp threads . Specifically , the change , subtle highlighting . 
fabric weave is known as a 2x1 right - hand twill . For a FIG . 7 shows the laser using a third power level setting or 
right - hand twill , a direction of the diagonal is from a lower third exposure time setting , or a combination of these , to 
left to an upper right . For a left - hand twill , a direction of the 55 remove even more of the dyed fibers than in FIG . 6. The 
diagonal is from a lower right to an upper left . But in other third power level is greater than the second power level , or 
denim weaves , the weft can pass under a different number of the third exposure time setting is greater than the second 
warp threads , such as 3 , 4 , 5 , 6 , 7 , 8 , or more . In other exposure time setting , or a combination of these . The result 
implementation , the denim is a 3x1 right hand twill , which is more of the undyed fibers are revealed . There is a color 
means the weft passes under three warp threads . 60 change , brighter highlighting . 

Because of the weave , one side of the fabric exposes more As shown in FIG . 2 , before laser 207 , the fabric can be 
of the warp yarns ( e.g. , warp - faced side ) , while the other prepared 216 for the laser , which may be referred to as a base 
side exposes more of the weft yarns ( e.g. , weft - faced side ) . preparation , and can include a prelaser wash . This step helps 
When the warp yarns are blue and weft yarns are white , a improves the results of the laser . After the laser , there can be 
result of the weave is the warp - faced side will appear mostly 65 a post - laser wash 219. This wash can clean or remove any 
blue while the reverse side , weft - faced side , will appear residue caused by the laser , such as removing any charring 
mostly white . ( which would appear as brown or slightly burning ) . There 






































